The increase in prevalence of obesity in childhood and adolescence appears to be followed by a rise of type 2 diabetes (T2D) cases in youth. Studies from the United States indicated that more than 1 in 10 adolescents may have disturbed glucose metabolism and that ethnicity and socioeconomic status are major determinants of (pre) diabetes prevalence. Since data for European countries are rare, we conducted a cross-sectional survey in 721 school-leaving boys and girls (mean age 15.5 years) in Düsseldorf (Germany). In our population from a predominantly low socioeconomic background, a total of 2.5% had impaired fasting glucose, impaired glucose tolerance or T2D.
Introduction
Compared with epidemiological data on type 2 diabetes (T2D) in adults, data on the prevalence of T2D and impaired glucose regulation in children and adolescents are rather limited. True prevalence data exist mainly for the United States, and an overview of population-and clinic-based studies shows that prevalence rates of T2D and impaired glucose regulation are increasing and have already reached alarming dimensions. [1] [2] [3] The latest analysis from the crosssectional National Health and Nutrition Examination survey (NHANES 1999 (NHANES -2002 found that 0.5% of 12-to 19-year-old adolescents reported to have diabetes (29% of them T2D) and that 11% of the non-diabetic adolescents had impaired fasting glucose (IFG). 4 Genetic and environmental factors are of importance for the development of obesity and T2D, as higher prevalences are found in certain ethnic groups and are associated with lower socioeconomic status. [5] [6] [7] In 15-to 19-year-old Pima
Indians from Arizona, 5.1% were diagnosed with T2D, 8 and in a US cohort of eighth-grade students, who were predominantly minority, the prevalence of impaired glucose regulation and T2D reached 440%.
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For most European countries, population-based data on T2D prevalence in youth are not available, so that it is currently unknown whether the situation is similarly alarming in Europe. In Germany, a recent survey estimated a prevalence of T2D in the age range from 0 to 20 years of 2.36/100 000 and thus about 500 adolescent T2D cases in total, 10 whereas another group estimated the nationwide number of T2D cases as 5000. 11 Given this apparent lack of valid epidemiological data, we performed a cross-sectional survey in school-leaving students in the city of Düsseldorf (Germany). The students were of below-average socioeconomic status and above-average weight, and our objective was to assess the prevalence of T2D and impaired glucose regulation to provide data for this high-risk group of adolescents in Germany.
Methods and results
In Düsseldorf, all school-leaving students from selected secondary schools are routinely invited to a medical check-up T2D and impaired glucose regulation were diagnosed based on fasting glucose levels in all students. In addition, OGTT were performed among extremely overweight/obese individuals according to the WHO 1999 criteria (IFG: fasting glucose 100-125 mg/dl; impaired glucose tolerance (IGT): 2-h glucose 140-199 mg/dl; T2D: fasting glucose X126 mg/dl or 2-h glucose X200 mg/dl). 13 Overall, a total of 18/721 students (2.5%; 95% CI, 1.5-3.9%) were diagnosed with T2D or impaired glucose regulation. In the leaner group without OGTT, nine individuals had elevated fasting glucose levels (six IFG and three T2D). Only two of these nine students had a BMI above the 85th percentile and were at risk for overweight. Among the obese OGTT participants, another nine students had abnormal glucose levels (three IFG, five IGT and one combined IFG/ IGT). Fourteen of these 18 students were negative for glutamic acid decarboxylase (GAD) autoantibodies and for islet-cell antibodies (ICA). For the remaining four students, no serum sample was available for GAD and ICA measurement.
Additional clinical data are shown in Table 1 . Students with T2D or impaired glucose regulation had higher levels for fasting glucose (Po0.001), BMI (P ¼ 0.01) and triglycerides (P ¼ 0.003) than students without impaired glucose regulation after adjustment for age and sex, whereas there were no statistically significant differences for HbA1c, cholesterol or blood pressure levels.
Discussion
In our study based on a cohort of school-leaving students in Germany with below-average socioeconomic status, aboveaverage weight and thus elevated diabetes risk, we found a prevalence of T2D and impaired glucose regulation of 2.5%. Compared with data from NHANES 1999-2002, our prevalence data are fourfold lower than in adolescents of a similar age in the United States 4 and more than 10-fold lower than in a predominantly minority cohort of eighth-grade students also in the United States. 9 There are no useful reference data from Germany, but this difference in prevalence is indirectly confirmed by differences in the ratio of cases with T2D and type 1 diabetes: Eight to 45% of children and adolescents with newly diagnosed diabetes in the US have been reported to have T2D 1 in contrast to 0.9% in Germany and Austria. 14 The reasons for this difference are not entirely clear, but levels of physical activity, dietary habits and genetics (ethnicity, family history of diabetes) may have led to different time-courses in increases of obesity and diabetes risk in youth. Differences in the degree of obesity in adolescence were evident when comparing the BMI charts from the US and Germany. 12 Age, BMI, fasting blood glucose, HbA1c, cholesterol and blood pressure are given as mean 7s.d. and were compared using linear regression with adjustment for age and sex (for age, adjustment for sex only).
b The absolute numbers of boys and girls are given and were compared using Fisher's exact test. Impaired glucose regulation in adolescence C Herder et al percentiles for the 18 students with T2D or impaired glucose regulation in our study, differences were small, and only one of the nine students with an OGTT would have been below the 90th percentile if the charts from the US had been used.
Our study has several limitations that need to be addressed. First, it is based on only 57% of the target population. This response can most likely be attributed to two aspects: low socioeconomic background of the adolescents and their families, which is usually characterized by lower health awareness and lower motivation to participate in epidemiological studies, and the adolescents' age (mainly late puberty) that may be associated with lower motivation to participate in this voluntary extension of the basic compulsory examination. Unfortunately, anthropometric or metabolic data are not available for dropout analyses. Second, T2D or impaired glucose regulation was assessed in obese students by IFG as well as IGT, whereas only IFG was used for the leaner group. This may have led to an underestimation of the true prevalence of T2D and impaired glucose regulation in our sample. Third, our study is cross-sectional, hence we cannot investigate the important issue related to consequences of early overweight/ obesity and impaired glucose regulation over time such as development of T2D and cardiovascular disease. However, it can be assumed that obesity in childhood and adolescence leads to higher mobidity and mortality in later life. 16 Therefore, the present study provides data with potentially important public health implications since the prevalence of impaired glucose regulation that we detected in the our at-risk sample of students raises concern regarding future individual health problems and collective burden to national health care systems. Furthermore, our data highlight the importance of coordinated individual, school-and community-based lifestyle intervention measures targeting all age groups.
In summary, we found that 2.5% of school-leaving students with below-average socioeconomic status and above-average weight in Germany have impaired glucose regulation (IFG and IGT) or T2D. Therefore, intervention programmes are mandatory to prevent a paediatric T2D epidemic in Germany.
